Abstract Verbal comprehension is critical to the success of medical counseling. Here, we tested how age and vascular risk factors affect the ability to understand complex instructions. Verbal comprehension, cognitive functions, and vascular risk factors were assessed in 39 mid-and 38 late-life communitydwelling individuals (48 to 59 years and >59 years of age, respectively). To test for verbal comprehension, we used a modified version of the Token Test (TT). In midlife individuals, education (β=0.572, p<0.05) was the only predictor for extended-TT performance. In late-life individuals, age (β=−1.015, p<0.001) and body mass index (β=−0.651, p=0.003) were significantly correlated with extended-TT performance and explained 50% of the variance in extended-TT performance (adjusted R 2 =0.503). This relation is only partly explained by conventional neuropsychological measures as the ones used in our test battery. These results indicate that aging and overweight impair comprehension of complex instructions. Therefore, medical counseling appropriate for midlife individuals may be less successful in elderly people and particularly in those with metabolic disturbances.
Introduction
Recent evidence suggests that older age and comorbidities negatively affect medication adherence (Munger et al. 2007) . One cause of non-adherence is the impaired comprehension of medical instructions (Morrell et al. 1989 ). Language comprehension is critical for patient education and counseling and consequently for adherence (Park and Jones 1996) . Comprehension deficits are further associated with decreased medical decision-making capacity (Okonkwo et al. 2007) . Researchers have suggested that consultation process should be adapted to the specific needs of mentally ill (Grisso and Appelbaum 1991) and cognitively impaired (Okonkwo et al. 2007) or demented (Marson et al. 1996) patients.
In clinical practice, recognition of non-adherence as a result of subtle cognitive changes in otherwise mentally healthy individuals is relatively low. There is controversial evidence about the effects of aging on language understanding, including literature that suggests an agerelated decline in language comprehension (Kemper 2006) and evidence supporting age constancy in understanding (Burke and Mackay 1997) . Empirically, clinicians communicate with healthy elderly individuals perhaps in a louder voice and a slower pace. The actual quality of communication does not differ much from that with younger ones with regard to information load and complexity of given instructions. This is not necessarily justifiable as several conditions like hypertension, atrial fibrillation, hyperlipidemia, diabetes, obesity, and smoking have been associated with cognitive decline in the elderly (Duron and Hanon 2008) . Furthermore, some medications have been associated with drug-induced cognitive disorders (Gray et al. 1999 ) and some others used for the treatment of classical cardiovascular risk factors (CVRF) have a favorable effect on risk factor associated cognitive decline (Haag et al. 2009a; Haag et al. 2009b; Nash and Fillit 2006; Shah et al. 2009 ). Our intention was to evaluate whether age and cardiovascular risk factors impair comprehension of complex instructions and their practical implementation.
For this purpose, we used an extended version of the Token Test (TT; De Renzi and Vignolo 1962) , developed and tested so as to be adapted to the needs and performance level of community-dwelling individuals.
Methods

Study sample
From October 2007 until May 2008, we examined 79 consecutive participants of the SEARCH Health Study, a large population-based study in Muenster, Germany, designed to assess the impact of atrial fibrillation and other vascular risk factors on cognition (Knecht et al. 2008) . The study population consisted of patients with atrial fibrillation and a fivefold oversampled control group. Exclusion criteria were a history of any major neurological or psychiatric illness. An informed consent was obtained from participants in the study after the nature of the procedure had been fully explained to them. All participants underwent a clinical interview and physical examination by a trained study physician, a high resolution 3-Tesla MRI of the brain and blood sampling for biochemical and genetic analysis. Furthermore, participants were studied with a comprehensive neuropsychological test battery, designed to assess a full range of cognitive functions. The tests are listed in Table 2 and a detailed description of each test may be found in Lezak (2004) . Trained technicians supervised by a clinical neuropsychologist conducted the neuropsychological assessment. All participants were native German speakers.
Independent variables
Education was assessed as categorical variable (5 vs. 7 vs. 9 years of secondary school vs. tertiary education). Body mass index (BMI) was calculated dividing body weight (kilogram) by the square of the body height (square meter). History of arterial hypertension, atrial fibrillation, diabetes, dyslipoproteinemia, current smoking status, and gender were documented as dichotomous variables. We also created one variable including medication for classical CVRF (including the number of antihypertensive, antiarrythmic, antidiabetic, lipid-lowering, and antithrombotic agents) and another variable including drugs that have been associated with drug-induced CNSrelated adverse effects (tricyclic antidepressants, benzodiazepines, digoxin, beta blockers, reserpine).
Task and procedure
The TT (De Renzi and Vignolo 1962) was designed to assess verbal comprehension of commands of increasing complexity. The patient has to choose the right token out of a set of 20 tokens of five colors (red, green, blue, yellow, and white), two sizes, and two shapes (rectangle and circle). The TT consists of five different subtests with non-redundant instructions which increase in length and complexity. In the first four parts, the patient is instructed to choose a token. According to the authors, these four parts are used to examine the patient's understanding of adjectives and nouns. In Part V, prepositions, conjunctions, adverbs, and different verbs are introduced in the commands, for example "Put the red circle on the green square." This subtest is used to examine the patient's understanding of sentence components and comprehension of syntax.
In the present study, we used ten tokens of five colors and two shapes and developed a list of ten non-redundant instructions of increasing complexity. The instructions increase in length from three units of information ("Show me the red square/and then take all the circles/except the yellow") to ten units involving not only the tokens, but also hand-and time-components ("Put the white square on the yellow circle with your left hand, before you put the blue tokens and the white circle on top of each other in any order you wish"). The instructions were all read out loud for all participants by the same examiner, in a mild tone of voice and with the same tempo. Every instruction was read out only once. After each task, the manipulated tokens were put back in their original places so that subsequent tasks were not made easier by reducing the number of possible choices.
Scoring was based on linguistic principles: failure to respond to any one element of information transmitted by the command was scored as an error. We introduced a point-system evaluation of the correct answers for the statistical analysis, taking into account the degree of difficulty that each instruction presented: each instruction received a total of points equal to the percentage of incorrect responses to it multiplied by 100, and the score each participant achieved, was the sum of the points of his/her correct answers.
Statistical analysis
Multiple linear regression analysis was used to test independently the effect of age, gender, education, cardiovascular risk factors, and medication on extended-TT performance.
To directly compare regression coefficients, we used a simultaneous regression model. Pearson's correlation analyses were used to compare the TT scores of the participants with the achieved scores in neuropsychological tests of linguistic function, working memory, verbal memory, attention, and executive functions (Table 2) . We converted the tests that were significantly correlated with token test performance to z-scores and created a single composite variable called "executive attention." To analyze the independent effect of cardiovascular risk factors and neuropsychological performance, we performed another regression analysis including the variable "executive attention" in the regression model.
The significance level was set at p<0.05. The analyses were carried out using SPSS version 15 (SPSS Inc., Chicago, IL, USA).
Results
A total of 79 participants, aged 48 to 74 years, who took part in the SEARCH-Healthy study, consented to participate. Since the goal of our study was to assess the comprehension and implementation of complex instructions, we excluded one participant with presbyacusis and one participant with severe neuropsychological deficits. These exclusions left a total of 77 participants, whose data were further analyzed ( Table 1) .
The average correct responses to the extended-TT were 60% (SD 16.7%). The participants scored in average 182.9 points (SD 75.5) with a minimum of 25 and a maximum of 341.3 points. A KolmogorovSmirnov test revealed that this measure was normally distributed (p>0.621). The study sample was divided by a median split into mid-and late-life: aged 48 to 59 years and >59 years, respectively. Midlife individuals achieved significantly higher extended-TT scores than late-life individuals (60% vs. 47%, p<0.05).
Extended token test and health functioning
On multiple regression analysis education (β=0.572, p< 0.05) was the only significant predictor for extended-TT performance in midlife individuals (Table 3) . In late-life individuals age (β=−1.015, p<0.001) and body mass index (β=−0.651, p=0.003) were significantly correlated with extended-TT performance (Table 3 ) and explained 50% of the variance in extended-TT performance (adjusted R 2 =0.503). Gender, smoking, and a history of atrial fibrillation, diabetes, hypertension, and hyperlipidemia did not show any significant association with extended-TT performance. Medication for cardiovascular risk factors was positively associated with extended-TT performance, whereas medication associated with drug-induced CNS-related adverse effects was negatively related to TT, though statistically not significant.
Extended-TT scores and cognitive functioning
Performance on the extended-TT correlated significantly with scores involving linguistic functions, working memory, attention, and executive functions (Table 2 ). There were no significant correlations between extended-TT performance and verbal memory scores.
After inclusion of the composite variable "executive attention" in our regression model to compare cognitive functioning and health functioning directly, education was no longer a significant predictor for extended-TT performance in midlife individuals. In late-life individuals, age and body mass index were still significant predictors, but had a smaller impact on Token Test performance: for the variable age the regression coefficient was β=−0.750 (p= 0.007) in the model including both cognitive and health measures vs. β=−1.015 (p<0.001) in the model including only health measures, and for BMI it was β=−0.517, p<0.05 the model including both cognitive and health measures vs. β=−0.651, p= 0.003 the model including only health measures. "Executive attention" was positively associated with extended-TT performance, though statistically not significant. 
Discussion
We found significant deficits in the implementation of complex instructions with advanced age and cardiovascular risk factors. The age effects concur with previous evidence showing age-related changes in linguistic abilities: elderly individuals are affected by cognitive slowing, impaired working memory capacity, and inhibitory deficits (Kemper 2006) . A general slowing of perceptual and cognitive operations is an essential feature of the aging process (Salthouse 1996) . Furthermore, as inhibitory mechanisms weaken with age (Hasher and Zacks 1988) , older adultsć omprehension may be affected by distractions or intrusive thoughts. They experience difficulties in dividing attention effectively (Anderson et al. 1998) and avoiding distraction by irrelevant stimuli (Barr and Giambra 1990) during listening. These processing declines might hinder effective speech perception and language comprehension.
Importantly, we found cardiovascular risk factors like overweight to additionally impair language comprehension in late-life individuals. Several risk factors like hypertension, atrial fibrillation, hyperlipidemia, diabetes, obesity and smoking (Duron and Hanon 2008) and some sorts of medication (Gray et al. 1999) have been shown to deteriorate cognitive functions in the elderly.
Obesity has been associated with an increased risk of dementia in late-life (Kivipelto et al. 2005) . Concomitant cardiovascular disease, hypertension, hyperglycemia, hyperlipidemia, and inflammatory markers like C-reactive protein and interleukin 6 have been proposed as potential causative agents of dementia in obesity (Barrett-Connor 2007) . Although the pathway connecting obesity and cognitive decline is still unclear, studies on obesity using brain imaging have revealed cortical and subcortical changes, like regional and generalized brain atrophy and white matter lesions, which are associated with cognitive decline and dementia (Jagust 2007 ).
We did not find an association between extended-TT performance and vascular risk factors in midlife individuals. Education was the only significant predictor of extended Token Test performance in this age group. This can partly be explained by an age-related rise in prevalence and incidence of cardiovascular risk factors (Kivipelto et al. 2005) . The aging brain is more vulnerable to vascular risk factors since there are frequently concomitant multiple risk factors present (Llewellyn et al. 2008 ) and a longer history of disease.
The strengths of this study are the accurate characterization of our subjects including an extensive neurocognitive assessment. Furthermore, the test we used (TT) does not only assess language comprehension but also its practical implementation. A limitation of this study is the rather small number of subjects. Furthermore, the limitations of crosssectional studies must be kept in mind when evaluating the results. We cannot overlook the possibility that individuals with deficits in implementation of complex instructions may be the ones who tend to become overweight. But since age and body mass index were correlated with extended-TT performance only in late-life individuals, our data support the hypothesis that the metabolic consequences of a longer history of overweight and obesity lead to poor understanding and implementation of instructions. In addition to the previously described cognitive deficits, we were able to show in a pragmatic approach that understanding and following complex instructions is limited under the influence of advanced age and vascular morbidity and this relation is only partly explained by conventional neuropsychological measures as the ones used in our test battery.
Older adults are frequently challenged by multimorbidity and polypharmacy and have to cope with new instructions involving, e.g., new treatment strategies, modification of dietary habits, or the use of selfmonitoring devices. Poor understanding and implementation of instructions can lead to a vicious circle of poor medication adherence, increasing vascular morbidity, and declining language comprehension.
